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ABSTRACT 

Lhe Objectives of Project 1.2, “Shock Photography ,* wera: 

(a) To augmant the date crailable for the free-air pretsure- 
distance curve, and to investigate the effects of iarge yielis ani 
varying altitules on scaling. 

(dv) To odtain besic radiue-tine Gata in a noa-bosogeacow 
etzosphere in order to investigate the effects of @ real atace;dere 
om sir shooks resulting free fres-eir shots. 

In G4Aition to the required data, shock radius-tine data vere 
obtaines along the surface,and radias-time data of a cool inner sone 
vithia the ahock sphere vere measured. 

All ths asta were derived crom films obtained by Rigerton, 
Geruesbeowen wal Crier, Inc. 

Based aois» on the agreement of the scaled redius-time ani 
preosure-<diistance date of Sirois Sighcrs, Rrvestenics ami Mreonada 
with the stendaré “ree-air curves, toe eryiriva: fise-ais Soo~Tt 
eypear to te walid for we with yields uw to ~ 10 M ani hes gute of 


barst uw to ~ 12,000 feet. 
er 


A comparison of the Borisontel thomge! caphere) ack 


vertical (non-rengensces atacsptere) shock arrival tiw data indicated 
that the rate of verticel shock growth wee greater than that cf the 
horizontal. Bowever, the valicity of these velocity differences is 
vary woubtful becavse of the great scatter in the vertical data 


Conclusions are rot warranted. 
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Based woe the surface rediup-tine data of Sighorn and Sumeet, 
and the cverpressure distance data in the Mach region obtained frou 


Bighora, the near-idesi bight of Duret curves conld be ned with'n 
the stipulated r Lal lity limits. 
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PSETACE 

Project 1.2, "Bbock Fhotograzig.” bs a dual role on Operation 
Dominic. 

Tor the Fish Bwl sevies this protect wos eatabliated initially 
to cooperate with Protect 94.2, “Opties] Phenomenology of Hizh-Altitude 
Nuclear Detenations."” in order to user. chat thors woula be adequ tte 
coverage of the blast axt shock phescaena. ani to evaluate files 
of these events suitable for a future analysis froa this stenipoint 
Piles of all chote wery. exanined, and in the course of the eval.aticn 
measurea|nta were mide of the two noet proaioing, froma blest view- 
point—Shots Tight Rope and Biue Gili > iple Prime. Theses seasura- 
ments were by no means of Complete as those reported by Project 84.2 
(Reference 1) nor were they signi?icantly different. ‘fhe analysis 
of the results of these shots is to te carried out under another 
task for which the Laboratory has been fwided. 

later. Project 1 2 was funded by Seadquarters, Defense Atoalc 
Support Agency, to carry oct an investigation of the blast and souk 
effects of eniccted shots of the Dowinic diagnostic series car: ied 
out ot Christmas Islas The findinge of these latter analyses are 
presentyad in this report. Analyses of the Fish Bow] events are .:. 
be reporced under another task 

Y.2 author is indedted to Messers D. F. Bancen, M. P Ghuier, vr., 
D. Barnes, and R. C. Schneiderhan of Eégerton, Jermeshausen and 


Grier, Ine . for their cocperation 
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The author scknowledges and is particuarly inde>ted to C. P 
Dieter, A NM lyons, and C. L. Karmel for their contritutions to 
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1. ISTROCUWTICN 

fhe photography, which was carried out by Edgerson, Gerweshausen, 
and Grier, Inc. (EG&G) for the L. o Atomic E.et,) Co.namission and 
weed for diagnostic purpeses. was alao wable for shock phenourns 
measurecests. Shock position-time data could be derived fro tho 
filas of various shote, and fros such data pest shock overpressure 
az a function of distance can be calculated. 

2.1 Odjectives. The prinary objectives were: 

a. To augment the cata available for the empirical free-eir pres- 
Gure distance curve (Reference 2), uni to investigate the effect of 
increased yielt2 and warying altitules or ocaling. 

bv. To odtein basic shock rad‘ us-tinme data in a non-howogeneous 
atmosphere in order tc investigate the eZrects of « real atmosphere 
on eir shocks resulting from shots firec in free air. 

1.2 Fackgrown’. The expirical free-air pressure distance curve 
for 1 kt at ses level conditions (Reference 2) was based upcn nine 
free-air eocts which ranged in yield from 1 ut to 9460 kt end yn oi''- 
tude from approcimately 3900 feet (SL) to 10,000 feet (MI *. The 
air dérepe of Dominic presented an opportunity to extend the range of j 


yielis and altitules of free-air burs:s that xight be applied to the 


standard curve 


CO CA tas nro en oe 
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FORMERLY RESTRICTED DATA 


x like: ouicle < ttesnet 


tue tnewstigation of tha effect of the a u-bomycueuus ataephere 
oO shock progagaliva bit teen reatricted to large eurfacs burele and 
to x. t Charckee. The durface bureta were cf Ifaited value because 


of vhs appareat fociaing of energy upwerd which could not be separated 
atvolutely from the son-hospgenecus effects (Peferences 3 and 4). The 


Cherokee deta (fsference 5) vere also lizited becawe of the large 
vording errey and the mecrtairties of the cenicter positions. ne 
Teal atmusoere the shoak welocity fe gres*er in the ward 4irect‘1n 
(ace -bosaeencows) thas it fe horisontally ot @ given distance. This 
effect can beat be atoeted om devices of largo yielA) it was bcped 
tant thets €1fferences in tas vertical (urrard) end horisontal shock 
rediit would be apasureadle eo: the large-yield Dominate shots 

V3 fete. Ter ehote ecveriag @ broad range of yielés end alti- 
twine vere azamined im Astail. To seet the chjectives and teep the 
analysis withis resscnable bewsds, four shote were selected. The 
primary Saste of choice wae yield, and, of course, what was meesure- 
able ian the filma. Tre fom ebeta selected, together with other. iru 


icformation, are preeested tn Sable } 


PARDO Postteeb pve 

Code Sams Yito1ae Wight of Burst Air Preceore Air Teewerature 
(ws) at ws et DP 

Rineonata 0.8159¢.025 9,105 ft 733 11.2° ¢ 

Rigtera 1%? om 11,Bio ft 3 ab 8.6" ¢ 

Howeatasia 9.96.06 m 12,150 ft 056 wb Toe 

Buseet 0.610*.03 §,000 rt G49 ab 16.0° ¢ 


“1080 Siredels yield (@ ecaling) 
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2. ANALYTICAL HETEODS 

Radius-time data obtained fros the files were fitted ty the asthod 
of least squares, vith a smooth esirical fanction which could be 

a @ifferentiated to give ‘he shock velocity as a function of distance. 

Thee were two fittirg Sosvices wed in thie asaiysiz. 

2.1 Surfece Mitting Prostions. For ths surface cata in the Mach 
regicn and other non-free-air phenomena the function wed wes 6 
polyncetal (Reference 6) of the fora: 


log r= 6 *C, (lox t) + Cy (log t}? + .. 6, (Log t)° Q) 
Differentiation yields: 
veret{g + a, logt ¢... nt, (Log 2)*°4] (2) 


where r © shock distance from surfe-e sero 
t = tine 
C, C...0, © constants 
a ® order of polynomial (cswally detween 2 and 6) 
V@ shock mlocaty 
2.2 Pree-Air Fitting Yumctions. For the frea-air redics -tim 
Gata the fittiag function waa of the form: 


ar +c (3) 


Ww 
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Terentislion yields: 


verealie( By] (a) 
where A, B, and C are constants 

F @ sbock rediics 

to tim 

U @ shock welceity 
The Cerivation of Equations 3 and & my de fount in Pfereme 7 


2.3 Commutation of Pressune. The shock welocity derived froe 


dota fitting methods vas used to calculate overpressures by we of 


the relation: 
os ” 

so that 
roe [- ati a7, UK, -%)] (6) 


where Bel +k, -7, 8 (x, - 1) 
Q = P/P, 
P @ peak ehock overpressure 
K, * (7, + 1)/(y, - 1) 


Ke (ry * sty = 0) 
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’, @ ratio of specific heats at ahock front 
% ™ ratio of spacific heats in front of shock 
M © Mach cundar, U/C, 
C, * ambient speed of scumd 
2.%  Sceling of Data. In order to cospare the homogeneous free- 
air and surface data with previous vork,the date were reduced to 
stasianl ¢ea level conditicns 
Pon * 15 T pat 
Th. = eK 
weing Sache eceling (Reference 8). 
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3. RESOLTS 48D DIAES Oss 
Se Silas wed tn ths aalyeisa sare Metod in Hable 2. 


TABLE 2 FHOTOGRAPHIC PLAN 


mag Photco fecae Rosine) freee 

Brot Film Eo. graphic toWS focal iencth Rate 

Btasion {et) (oa) (trfscc) 

Righora 3211038 afe 238 =: 1, 915 75 % 
4131019 Ale 299 -.64,155 re) 9 

Eowsatonfc 120262 afe 239 = -:195, STO 50 76 
Risccneds 209015 ae 299 99,106 15 pte) 
Oss No 26 99,720 TS 120 

Sucset 118756 ale 298 89,290 ry) 120 


All of the Eats presente! were derived from files taken froe air- 
craft. Files obtained on tie surface were not wed, because the cloud : 
cover obscured the growth ef the free-air shock froat after shock 
teeakaway, and camere einlng angles Were 32h that the eurface was 
Rot observable. 

The primary prodless encomtered in the films wed were the 
wncertainty of atreveft position and the clowl cover which im i:4 *t9 
otscure the surfece phenomenology. 

AXl in all the quality of the FGEG films< was excetiont, ue 
Bighorn filws were particularly god. 

Gable free-air data vere obtained for Bighorn, Bousatonic, 3% 


ninconada; surface radics-tise data were meaiwable in the Bighorn 


ané Sureet files. 


3.3 Fienomsology. A varies of photographs of Shot Bighorn is 
presented in Fivurea 1 through 5. The events ilustrated by these phot.graphs 
were observed——bat wars oot sacucsaridly meesurable ~——oe all of the 
shots exsazined. 

Photograph 1 of (6 serisa wes typical for ali shots. Ths 
ieaiéent shock and the fireball are rissale. Figure — shows the 

ctfent ahock, ant vhat appcare ta d+ 6 secca? shoct® close behint. 
A clearly defined freer sone edincent ta the firetell, and spparentiy 
cooler thun the fireball (4.¢.. the fila fe lesa dents), is aiso 
visitls ta this poctoerss. The coal immer seas appeared in ail shote 
ezsmined st eboet the time cf shock bresimeey. Figures 5 ani i of 
the aerise, pr.uta of the seme fram, show the Sarthe develocmrat of 
the incident wave, ths cooler inner some, and the interaction of the 
etock anf the surface. The inctdent shock is no looser visibic ia 5. 
Dat the intoraction ef the shook eri the surface, avi the ¥ilson clozi 
ehember effect are awarent. Hote that the econl come perwists——it 
4s visible on top of the risicg firetsii. 

The inner come radize-tics date were reiuced from the Bighorn, 


Howsctoaic, and Ainconefa Cilse and were sitved by = Punction of the 


form of Squason 1 third crder Zee reeelits ere shown is “igures 
Q. 7 and? respeetivels. Peontel veloeitydistence date, Table +, 


show that the froat of the inuer some does not behawe s# & <: 728. 


@ Te position tins Aiccery of this syperent sdock was not meas tradle 
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Reborn Rousatanic Rincsasds 
PeAiue Velocity Velocity Felsct 
(tt) (2t/sec, (ft/sec) (ft/ece 
4 1500 
- 12140 
= 810 


. 220 


TABLE 3 INNER ZONE FRONTAL VELOCITY-DISTANCE DATA 
| 8750 agro - 


Bo farther fevsstigatien of this Plancarhin ved wate. 

3.2 Free Air Dats. For Shots Bighors, Byatateaic, and Rinconsds 
the free-air shock errival-tims deta cere moesuned et Durst buigat, 
paralle) to the surface, 1.6., ia a bomogepeces atacephers: and 
vertically above weapce sero, i-3., is @ sca-howgensoss atrwepleyre- 
Plota of the beste rediae-tine data, voth Rorizoatal and vertical, 
fomather with the fitted curres and the eoefficientsa of the fitti: 


fanetiows (Equation 2) are presented tn the Appendix. 
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The horiscntal and vertical shock arrival-tine eurvss for Bigho. 4, 
Howwetonac, acd Rinteneda are compared in Figures 6. 7. and §. Although 
these curves tndicate thst the ebook wae groving faster vertically 
than boriscntally, the scatter of the redivs-tine data, particularly 
the vertices] data, wat great enough to cest seriou doudt on 
the walidity of differences in velocities. Refer to Mgures A.t 
througt 4.6 in the Appendix. Purther, there ie another problea. ard 
that i the fitting Amction iteelf. Tae funetion used, Equatica 3, 
wes Eseigued for we with the homgenecee free-air situation ant 
not for tha vertical free-air case. The effects of thts functior 
UPOR vertical cadium-fime Gata will require further investigation. 

Conslations pertaining te shock propagation in @ nos-homsogeneous 
atwcsphsre based spoa these dats are not warranted at this tim. 

Peak shock overpressure~distance data in the homogensous atmoe- 
Bbere for Bighorn, Youtatonic, and Rinconeda may be seen in Figures 
$. 10 and il. 

33 Scaled Free-Air Teta. fre howogesscw free-air shock 
arrival-tise data for Bighom, Housatonic, ani Rinconsda reduced to 
i kt st ses level conzitione are preasnted it Figwe]2 All thre. 
ae.e Of data ere in agreement with the standard curve. 

The reduced peak shock owerpressure-~<disisnse Cate are coepare4 
to the erpirical 1 &t frec-air curva in Figure 13. Bighorn and 
Bousstcoic are in close agreexent with ths curve. The slo, of the 
Rinconads da... te slightly different but lies within the scatter of 


the standard curve. 


19 


SECRET 


| 
| 
| 
i 
| 
{ 
! 
i 
t 
| 
| 
| 
{ 
1 
{ 


SN EN LIT Se 


we A 


Based svieiy co ibe airsugth of agreczent of these radius - 
time acd overpresesure-distance Gace it appears as though the 
emiriccl free-air currss ere valid for ylelds as high as ~ 10 Kt 
and heights of burat sa Aizh ag 12,000 feet. 

3.8 Surfaces Data. he interaction of the shock front and the 
ocean surface appeared os an ellipse in the aircraft files of several 
shots. Yrasurements nate along the sasor axis of the ellipse cculd 
be read ot a dfauster provided that the major axis coincided with the 
ling farmed by the plane of meusuresent and the surface plane. 

Tt vas possible to make waful surface masurements un Bighorn 
ani Supsct. The surface ridius-iliew date are coaparc’ to curr:s 
Geriveé from the near-ideal arrival time height of buret (HCE) charts 
of fAefereme S, in Figure 14. 

The Sunset experimental radive-time data and the scaled BOB 
arrival time data are in surprisingly good agreesent. 

The Bighorn experinzentc! date are displaced from the scaled MOB 
chart redius-time curve, but these data lie within the stated reli- 
ability limite ( 10%) of the HOB chart. (Reference 9). The divergence 
of the Bighorn data from the curve increases with time; this ‘ncrease 
is attributed to the éccrease in the optical asguification caused 
by che alrersf soving farther away from weapon tero. 

Peak shock crerpresscre-ietance data vere calculated in the 
Mach region. (The Mach stew was not visidle; it was assumed to ha = 
veen formed by the time the surface shock hed reached a distance 
equal to the beight of duret.) These experimental dats are compared 


20 


SECRET 


to Burrace pressure-distance curves derived from lure wear ideal Gres - 
prossure height cf burst chert# eference Gin Fligeres i5 and lb 

Tre fregnent cf the Suiset preseure-distance dsta (s not in 
egreecent vith the near-idecl curve in the comparable reaions. 

(i the experinental Sinsat date vera axtrepolatsd-<« dengerous 
procedure--—the extrapolated data woud appea. to egree with the 
pear-ideal curve.) 

The Bighorn yreesure distance data show a fanter decay than 
the azar-ideal curve, tut the differences in pressures et correspond- 
ing distences are relatively small; the sacimam is no more then ‘6h 
The stipulated reisaptiaty attached to ibe neal ifeal peak 2hock 
overpressure MCB chart ia + 15% (Refereme S). 

Superfictally, it would appear that the ncar-Jdeal height cf 
burst charts could de wed vithin the reliability limits etipuleted 


vy Feferenco 9 up to yields cf ~ 8 M. 
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8. CORCLERIONS AED SNNGRENATIONS 


Based solely won the egroemot of tis scaicd reiivs-time and 
peck chock overpressure-distance data of Shois Bighorn, Housatonic, 
oud Rinconada with the standar< free-air curvse, it appears as vhough 
the capirical free-air curves are vaid for we vith yields uw ts 
~ 10 Et and to meights of bursts up to ~ 12,000 feet. 

Pased spon surface raiiw-time Geta of Zighcrs and Sunset, and 
pressurs-distance data in the Mach region obtained frou Bighora 
it eppeere—et least swer.ictally~—as though the nearideal height 
of buret curves cou * de wed within the reliadility limite stipuleted 
in Reference 9 wp to yielascr ~ & me. 

Although the horirontal and vertical redius-tine cate obtained 
in free al> indicated that the verticals shock grevth wae faster than 
that sf the horisontal, th° ecatter of the data was great enough to 
tase the apparent diffec4euces in the velocities very 4ourtmil = con- 
clusions ere nct warranted. 

The dcatter of theee radius-tine data wuld have been decreased 
considerably, pertzps by am order of magnitude, if the smoke cock: * 
technique could have been wed; (e.g., the Redwirg-Cherokee experiment, 
Reference 4). If such experiments es those of the Domini= serics “re 


ever carried out again, the use of smoke rockets {6 recommended. 
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PEAK SHOCK OVERPRESSURE (P81) 


1,000 2,000 4,000 6,0u, 8,000 
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Figurc 11 Free-air. peak-shock overpressure versus nuri2. ttal 
distance from weapon zero, Shot Rirconaia 
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Figure 13 Free-air pressure-distance data for Shots Bighorn. Housatonic, 
and Rinconada, scaled to 1 kt af standard sea ievel comlitions. 
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Figure 18 Surface, pressure-distance data in the Mack region for Shot Bighora, : 
compared to data scaled from near-ideal overpressure HOB charts. , 


wv 
SECRET 


oO ee cb te Man ae 0 


awe | KT MURST AT 536° SCALED TO 
SUNSET 


$0 
80 mae SHOT SUNSET, FITTED DATA 
70 
60 


30 


PEAK SHOCK OVERPRESSURE, REGUCED TO SEA-LEVEL (PSI) 
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Figure 16 Surface. prersure~listance data in the Mach region for Shot Sunset, 
compared to dsta scaled {rom near-ideal overpressure HOB charts. 
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ADPEIDIE 
BASIC MADTUS-TIME DATA 
Tue Desig ractue-tine data are givea in Figures A.1 throug AG. 
Tae ecsffieteate for Cywation 3 uacd to {it the free-air data of 
Shots Bighorn, Bowsatenic, aad Hinconeda are gives ic The A.1. 


TABLE A.1 COEFFICIENTS FOR EQUATION 3 


Shot a 3 e 
Bighora 
Mrisontal Fz. 20873.15 0.033396 
Vertical 2278.56 T992.33 0.069573 
Mouratonte 
Sort sontal 963.25 12267.38 0.016609 
Vertical 32n.33 7067.87 O.3556e8 
Rincour4a 
Beri scatal 1169.87 3892.83 .2295550 
Wertioa) Pr. $183.97 0.080506 


fee evefficiente for Equation 2 dhird order) whi wer used 
to .t the cwface date of Shit» Bighors anf Sunset are given in Fable \.. 


TABLE A.2 COEFFICIENTS FOR EQUATION DP CaHhian oudtha te 


Shot ¢c GQ, & & 

Sighora -4..29 &$.90 10.70 0.0566 

Oumset 585.52 901.35 202.47 13.52 
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